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MOUNTAIN LIMESTONE FORMATION, consisting of Variegated
Shales and Limestones.”

THE LOWER COAL MEASURES

That part of the Ftna section including the Lower Conglomerate
and the underlying rocks, designated as the Lower Coal Measures,
is very similar to the general section made out along the gulch in
the vicinity of Cole City.* In these two sections, not only the
same number of coal seams are to be seen, occupying the same
relative position; but the intervening strata are quite similar, both
in character and thickness. The Castle Rock seam in the Cole
City district, as may be seen, corresponds to the Ztna seam of the
Ztna district; while the Dade, Rattlesnake and Red-ash seams
are represented by the three lower seams of the Ftna section. In

‘'support of the correctness of this correlation, it may be pointed
out, that the coals of the ZFtna and the Castle Rock seams are very
much alike in physical structure, as well as in chemical composi-
tion, a proof going to show, that, if the two seams are not contin-
uous, there was at least a remarkable similarity in conditions
prevailing during the time of their deposition. That part of the
Xtna section, above the Lower Conglomerate, is entirely wanting'
in the Cole City section. However, these upper sandstones and
shales, together with their associated coals, occur only a short dis-
tance south of Nickajack creek gorge.?

Dr. J. W. Spencer, formerly State Geologist of Georgia, in
speaking of the coal seams in the Cole City district, says:—3
“The highest of these seams below the Lower Conglomerate
appears to be the Ftna bed of Sand mountain, situated on an in-
sular plateau between the Georgia line and the Tennessee river.
The section at Htna and Cole City, below the Lower Conglomer-

I See fig. 55, page 91.

2 gee section No. 178, fig. 53-4a.
3 Geological Survey of Georgia, The Paleozoic Group, by J. W. Spencer, page 249.
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ate have about equal thickness, and each contains four known coal
seams.”’ _

In McCalley’s section of the coal measures in the Cole City dis-
trict, the Castle Rock seam, or what he terms the Cliff seam, is
correlated with the Ztna seam, which lies immediately below the
Lower Conglomerate.* He finds the Cliff, or the Castle Rock
seam, exposed at many points along the west side of Sand moun-
tain, in Alabama, south of Nickajack creek. In the neighborhood
of Long Island creek, where the Lower Conglomerate has a thick-
ness of nearly 100 feet, he reports exposures of the Cliff vein,
varying from 1 to 3 feet in thickness. In the same vicinity, he
notes the occurrence of a second coal seam overlying the Lower
Conglomerate, .which he correlates with the Sewanee seam of Col-
ton’s Atna section.

On the east side of Sand mountain, between Brown gap and the
Georgia-Alabama State-line, and also on the west side of Fox
mountain, McCalley found the Cliff vein exposed at several points
just below the Lower Conglomerate. > A further examination of
McCalley’s report shows, that the Cliff vein is frequently exposed
along both sides of Lookout mountain, near the Georgia-Alabama
State-line, and is one of the most persistent coal seams of north-
eastern Alabama.

The section of the Coal Measures, in the Stephenson Geologic
Folio, of the Cole City district, by Dr. C. W. Hayes, is practically
the same as my Cole City section. However, the distance between
the lower coal seam in his section, and the Bangor Limestone, is
greater by more than 100 feet, than is shown in my section. This
difference in measurement probably originates from what may be
considered the upper beds of the Bangor Limestone. In my sec-
tion, the first thin beds of limestone, interlaminated with the beds

! Coal Measuresof the Plateau Region of Ala., page 44.
2 Jbid., page 83.
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of shale below the sandstones, are supposed to represent the upper
beds of the Bangor Limestone ; whereas, Hayes probably considers
the heavy-bedded limestone, many feet below, the upper beds of
the formation. In Hayes’s section it will further be noticed, that
there is a coal seam shown below the Red-Ash seam, not appear-
ing in my section. This exposure of coal actually occurs as repre-
sented in Hayes'’s section ; but, from a careful examination of the
exposure, I was led to believe, that the coal was not in place,
being a slide from some of the seams above; and, as a consequence,
it does not appear at all in my section.

It is quite evident, that, at some points on Sand mountain, there
undoubtedly occurs one or more coal seams below the Red Ash.
Nevertheless, I question its general presence in the Cole City dis-
trict. Colton in his section of the Ztna Coal Measures, gives five
coal seams below the Lower Conglomerate. * ‘This would indicate,
that the coal seam below the Red Ash, may have a considerable
extension to the north.

In this connection, it might be well to note, that Hayes’s sec-
tion at the Atna mines? shows only three coal seams below the
Lower Conglomerate, the lowest of which he designates as the
Dade seam, and the upper, the Castle Rock ; while the interven-
ing one receives no name ‘whatever. It is difficult to understand
why the lowest seam in this section, should be correlated with
the Dade seam, when the middle vein, as shown by its over-
lying shale, is unquestionably the true Dade seam. The coal, des-
ignated by Hayes as the Dade seam in his correlation, seems to
correspond to what is called the Rattlesnake or Reese seam of the
Cole City district. With the difference here pointed out, together
with the absence of a fourth coal seam, which I have correlated

I Coal Measures of the Plateau Region of Ala., page 18.
2 Geologic Atlas, Ringgold Folio, U. §. Geol. Surv,
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above with the Red Ash seam, Hayes’s section corresponds very
«closely with the Safford section at the A tna mines.

In attempting to correlate the coal seams on the east side of
.Sand mountain with the coal seams in the Cole City district, con-
siderable difficulty is encountered. This is due chiefly to the
limited natural exposures and the meagre data obtainable from the
few bore-holes put down near the east brow of the mountain.
The records of the borings, in many instances, are very unsatisfac-
tory on account of the descriptive terms used to describe the rock
penetrated. Terms often occur in these records, that have no defi-
nite meaning, such as “Silicate Rock”’; and again, entirely dissimi-
lar rocks are sometimes designated by the same name. Such data
:are not always easy to interpret; yet, in nearly all cases, the
tecords of borings are sufficient to give a general idea of the nature
.of the formations penetrated.

Before attempting to correlate the coal seams of the Cole City
district with the coal on the east side of Sand mountain, it may be
well to examine first, in detail, the various sections of the Cole
City district, as revealed by the numerous bore-holes put down in
‘that section. By referring to the map of this district, it will be
-observed, that the sections of the bore-holes along the lines C-D
and E-F show, that the Castle Rock seam thins out, or entirely
disappears, in passing toward the east side of Sand mountain;
while the sections along lines 1—2 and 3—4, on the same map,
-show its extension both to the north and to the south. This would
-seem to indicate, that the Castle Rock seam has a limited eastern
-extension, and that it is probably entirely wanting on the east side -
of Sand mountain. The northern and the southern extension of
the seam beyond the limit of the State, on the other hand, appears
to be well established, as is above pointed out in the reports of
Safford and McCalley; yet no conclusive evidence, as far as the
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writer has been able to ascertain, is to be had, to demonstrate that
the seam has, at the same time, a far-reaching eastern extension.

Safford, in his section made out at the Point on Lookout over-
looking Chattanooga, reports the occurrence of only one coal seam
below the Conglomerate.* No attempt is made by him, however,
to correlate this coal, the existence of which he even seems to
question, with the coal of the Aitna section. Hayes, in his sec-
tion of the Coal Measures in Johnson crook, Lookout mountain,
likewise gives one coal seam below the Lower Conglomerate ;2
but no suggestion is made as to its representative, either in the
Cole City or the Atna districts. There is no question, as to a coal
seam’s underlying the Lower Conglomerate, both in Sand and
Lookout mountains; yet there are grave doubts as to what seam
it actually represents. ‘The seam is undoubtedly the Castle Rock,
or the Dade seam ; but, as to which it represents, the data at hand
do not seem to be sufficient to warrant a definite conclusion.

The difficulty in correlating the main coal seams below the
Lower Conglomerate of I,ookout mountain and the east side of
Sand mountain, with the Dade or Castle Rock seams, will be
readily understood by a further examination of the sections in the
Cole City district. It will be noticed, in these several sections,
that the Castle Rock seam, in nearly all cases, lies immediately
beneath the Lower Conglomerate ; and, in turn, it is underlain by
shales of very variable thickness. The stratum of shale, which
separates the Castle Rock from the Dade seam at some points, at-
tains a thickness of more than 50 feet; while, at other points, it is
reduced to only 2 or 3 feet. In working the Dade seam at the
Cole City mine, this shale was found to be so reduced in thickness
as to form a mere parting between the two seams. This condition
occurs, also, in the vicinity of the South Wales mine.? 1In the
"t Geology of Tennessee, page 3s.

2 Geologic Atlas, Ringgold Folio, U. S, Geol. Survey.
3 See section of bore-hole No. 134, fig. 52.
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last named instance, it will be observed, that there is found, be-
tween the conglomerate and the Castle Rock seam, a stratum of
shale five feet in thickness, thus bringing the Dade seam within
10 or 12 feet of the conglomerate. In this case, suppose that one
of the seams should thin out, or disappear, as is evidently the case
with the Castle Rock seam only a short distance further to the north-
west, shown by borings Nos. 227 and 229, fig. 50; what data would
the prospector have at hand for identifying the seams? He would
hardly be justified in calling it either the Castle Rock or the Dade
seam ; as the evidence is by no means conclusive. As an illustra-
tion of the point in question, take the White Oak Gap section,
located on the east side of Sand mountain near Trenton. Here,
we have a coal seam below the Lower Conglomerate, but separated
from it by an intervening layer of shale, 12 feet in thickness.
Similar sections are to be seen on the east side of Fox mountain,
and on the west side of Lookout, in Johnson crook.

It might be suggested, that the chemical and the physical prop-
erties of the coal, or the underlying strata, would throw some light
on this question. As to the chemical and physical properties of
the coal found below the Lower Conglomerate on the east side of
Sand mountain, and on the west side of I,ookout mountain, it
might be stated, that neither of these properties. has been. suffi-
ciently investigated to give any definite data as to the indentifica-
tion of the coal. The seams, in most places where they are ex-
posed, are so much weathered and broken down, that they show
but imperfectly the original structure; and, in only a few in-
stances, have analyses been made. The analyses at hand often
show a greater variation in the chemical composition of specimens
taken from the same seam, than they do in that of specimens
taken from different veins; so that the analyses are practically
worthless as a means of correlation. On the other hand, the char-
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acter of the underlying strata, which would naturally be supposed
to aid in identification, furnishes no conclusive evidence as to
their identity. ‘This is well illustrated, in the various sections
given on the east side of Fox mountain and the west side of Look-
out. In some instances, as may be seen from these sectioms,
sandstone underlies the coal seam located immediately below the
Lower Conglomerate ; while, in other instances, it is underlain by
shales. It is true, that the shale, in most cases, is only a few feet
in thickness. Nevertheless, its presence would indicate, that the
overlying coal is the Castle Rock seam, while the Dade seam is
wanting. In other cases, where the sandstone is the underlying
rock, we may, with equal propriety, call the coal the Dade seam,
and say that the Castle Rock seam is absent. In view of the facts
above stated, the writer is of the opinion, that it is at present prac-
tically impossible to correlate the coal below the Lower Conglom-
erate of the east side of Sand and the west side of Lookout moun-
tains, with the seams of the Cole City district. This being true, it
is thought advisable to designate the coal immediately below the
Lower Conglomerate as the ¢ Clzff seam,”’ a term first introduced
by Safford, and afterwards adopted by McCalley, to designate a
coal seam occupying the same relative position in the Coal Meas-
ures of Tennessee and Alabama.

The coal seams lying below the Dade seam in the Cole City dis-
trict, namely, the Rattlesnake and the Red Ash, appear to entirely
thin out, before reaching the eastern brow of Sand mountain.
There is, however, evidence of one of these seams to be seen at
White Oak gap. The exposure here, which consists of a narrow
band of coal smut crossing the public road, occurs some 75 or 100
feet below the Cliff seam. With this exception, there seems to be
no evidence of coal below the Cliff seam, either on the east side of
Sand, or the west side of Lookout mountain. It was the general
opinion, some years ago, that these lower coal seams could be
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located on the eastern slope of Lookout mountain in the vicinity of
High Point, near Johnson crook, and along the slope of Lookout,
north of this point ; but prospecting at these places was unsuccess-
ful in demonstrating their presence.

McCalley reports the occurrence of two or three coal seams
below the Cliff seam, at several points in Alabama, both on Look-
out and Sand mountains. The seams are, however, small, and are
of little or no commercial importance. The presence of coal seams
underlying the Cliff seam is demonstrated by a bore-hole on /lo#
106, located on Sand mountain, about two miles west of its eastern
brow. It is also likely, that the exposure of coal on /¢ 9o, Rich-
mond gulch, is one of the lower coal seams; but, further to the
east, it is quite probable, that these lower coal seams are entirely
wanting.

CoAL BETWEEN THE UPPER AND THE LOWER CONGLOMERATE

The coal seams, which occur in Safford’s section of the FHtna
district, between the Upper and the Lower Conglomerate, appear
to be entirely wanting in the vicinity of Cole City; but, only a
short distance south of this district, as previously pointed out, coal
occurs between these conglomerates. McCalley, * in following out
the nomenclature of Colton, in his Atna section, calls one of these
seams ‘‘the Sewanee seam,” a name applied by Safford to the main
seam in the Sewanee district, overlying the Upper Conglomerate,
and which, therefore, belongs to the Upper Coal Measures. The
seam here, erroneously designated by McCalley as the “Sewanee
seam,” seems to be a coal seam of considerable extent and of some
economic importance. It probably underlies all of Lookout moun-
tain and a large part of Sand mountain, south of Cole City. This
coal is thought to have been penetrated, as heretofore noted, by
some of the bore-holes located on Sand mountain, a short distance:

I Coal Measures of the Plateau Region of Ala., page 46.
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south of Cole City, and also by the borings on the New England
Company’s property, to the southeast of Cole City. Safford, in his
section of Lookout mountain at the Point Hotel, notes the occur-
rence of this seam just below the Upper Conglomerate; but it
seems to have been entirely overlooked by Hayes; as it does not
occur at all in his section of the Coal Measures made out at John-
son crook, a point, at which the seam appears to reach its greatest
development. ‘This coal seam, which, in the last two or three
years, has been prospected to a considerable extent along the brow
of Lookout to the north of Johnson crook has a thickness varying
- from 24 to 48 inches. On the east side of Lookout mountain, this
coal seam is also exposed at several points, both north and south
of the Georgia-Alabama State-line. It may be seen on the Bryan
property, near Stephen gap; and it also occurs in the Guyton
gulch, about 2 1-2 miles northwest of Menlo. McCalley records
the occurrence of this seam at a number of points along the east
side of Lookout mountain, only a short distance south of Menlo,
and also on the west side of the mountain in the vicinity of Fort
Payne. His section at the Fort Payne Coal & Iron Company’s
mines shows the seam, which he designates as the ‘“Sewanee
Seam,” to attain a maximum thickness of 3 1-2 feet; while, at
other points, he found its thickness to vary from 8 to 12 inches.
The persistence of this coal over a large area, both in Georgia and
in Alabama, would seem to entitle it to a definite name. The name
given it by McCalley in his report of the Coal Measures of the
Plateau Region of Alabama is objectionable, as previously pointed
out, on account of this name having been given originally to an
entirely different seam, occurring in the Upper Coal Measures as
defined by Safford. It has been suggested, that this seam might
be designated as the Upper Clif Seam on account of its usually
occurring at the base of the second sandstone cliff, encountered in
ascending either Sand or Lookout mountains. The name ‘‘Upper
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Cliff Seam’’ appears to be well chosen, as it is somewhat descrip-
tive; and, having no more appropriate name at hand, the writer
has adopted it in this report as a substitute for the “Sewanee
Seam,” as used by McCalley ; while the latter name will be used
as originally employed by Safford to designate the main Sewanee

coal seam of the Upper Conglomerate.
Tur UpPER CoaL MEASURES

The Upper Coal Measures of Safford seem to be poorly repre-
sented on that part of Sand mountain lying within the limits of
Georgia. Dr. Spencer, in speaking of the Coal Measures of the
Cole City district, says:—* “The Upper plateau ridge of Sand
mountain is limited to a small area, owing to the extreme denuda-
tions, leaving the Upper Conglomerate of the Castle Rock region
most commonly forming the margin of the table-land of Sand
mountain; but even this conglomerate is wanting in places on the
east side of the mountain.”” Between Cole City and the Georgia-
Tennessee State-line, Spencer notes the occurrence of 300 feet of
sandstone and shale, with one coal seam above the Upper Con-
glomerate. Hayes maps a considerable area between Cole City and
the Geotgia-Alabama State-line, and also three small areas north
of Cole City, as Walden sandstone; and, in discussing the proba-
bility of coal’s occurring in the formation, he says:—?2 ¢The
Walden sandstone in this area has not been sufficiently prospected
for coal, to justify definite statements concerning it; but, a short
distance to the northwest, at Atna, shown on the Chattanooga
sheet, these Upper Coals are extensively worked.” No record is
made by McCalley, of these upper coal seams occurring on Sand
mountain in Alabama, near the State-line; but he points out their
occurrence on the same mountain further to the south.

I Geol. Survey of Georgia, The Paleozoic Group, by J. W. Spencer, 1893, page 250,
2 Geologic Atlas, Stevenson Folio, U. S. Geol. Surv,
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The meagre remnants of the Upper Coal Measures of Sand
mountain form a marked contrast with the Upper Coal Measures
of Lookout mountain. This contrast is especially marked, when
the comparison is made in the vicinity of the Durham coal mines,
where the Upper Coal Measures, according to the writer’s estimate,
has a maximum thickness of more than 8oo feet. The Upper Coal
Measures at this point, it will be noticed, has no less than six coal
seams, two or more of which are workable.

No attempt, so far, seems to have been made, to correlate these
various coal seams with the coal of the Upper Coal Measures of
Alabama and Tennessee. Safford refers to several workable coal
seams on Lookout mountain south of the Georgia-Tennessee State-
line ; but he makes no attempt whatever to show their stratigraph-
ical relation to the coal seams of Tennessee. In McCalley’s gen-
eral section of Lookout mountain in Alabama, he gives three
different coal sefims above the Upper Conglomerate, which he
attempts to correlate with the coal of Colton’s Aitna section. The
Upper coal seams are found by McCalley to be best developed near
the southern end of the mountain, and are partially, or entirely
wanting near the Georgia-Tennessee State-line. ~ The most exten-
sive notes, to be found anywhere on the Upper Coal Measures of
Lookout mountain in Georgia, occur in Spencer’s Paleozoic Group
of Georgia. In speaking of these Measures, he says : — ¢‘It may
be noted that all of these coal seams in the following section are
in a horizon above the Upper Conglomerate, and therefore above
the Castle Rock seam. The coal in the vicinity of Cole City is,
geologically, lower, but at the same time at a higher horizon than
the Ftna coal fields in Tennessee.”” The section to which Spencer
above refers, is here given.
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SECTION OF LOOKOUT MOUNTAIN ALONG ROUND MOUNTAIN AND
CHICKAMAUGA RAILROAD

1 Laminated Shales with a few layers of sand-
stone on Round mountain (partly con-

cealed) ____ . _____________ 200.00 feet
2 Shale (concealed)._ . __________________ 65.00 ¢
3Shale________________________________ 9.00 ‘¢
4 Coal and Shale intimately laminated ______ 14.00 *“
5 Shale and Sandy Shale partly concealed __ 25.00 ¢
6 Coal ______ o _____.__ o0.70
7 Shale________________________________ 18.00 “
8 Sandstone, gray, laminated______________ 35.00 *
9 Coal, Durham seam, worked ____________ 4.00 “
10 Sandstone, irregularly and often thinly-
bedded and undulating . _ 8o.00 ¢
11 RedShale . ____________________ 11.00 ‘¢
12 Black Shale ______ . _____ . __________. 4.00
13 Shale and Sandy Shale with seams of Lime-
stonme ______ . ___ ... 10.00 ‘¢
14 Blue Shale above and variegated Shale be-
low_ . 7.00 Y
15 Coal ._______ 1.83 ¢
16 Thin laminated blue Shale______________ 70.00
17 Red Shale ___________________________ 35.00
18 Coal __ . 0.20
19 Light BlueClay_ . ________ 2.00 ¢
20 Shales and Sandy Shales passing into Sand-
stone . _ ___ . _____ 150.00 *
21 Coal  _____ __ ... 1.66
22 Sandy Shale_______________________ 1to 300 ¢
23 Heavy-bedded Sandstone - ______._______ 25.00
24 Upper Conglomerate and Sandstone form-
ing Fagle Cliff ______________________ 150.00 ¢

This section, it will be noticed, gives seven different coal seams,
all of which belong to the Upper Coal Measures. No effort is made
by Spencer, in any part of his report, to correlate these coal seams
with the seams of the Upper Coal Measures elsewhere.

Hayes, in his section at the Durham mines, gives only two coal
seams above the conglomerate. ¥ One of these seams, whose thick-

i Geologic Atlas, Ringgold Folio, U. S. Geol. Surv,
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ness, together with its associated shales, he places at 11 2-3 feet, is
probably the Durham seam, now being worked, although its aver-
age thickness is less than four feet. The other seam, represented
in his section, lies some 80 feet above the 11 2-3-foot seam. This
coal, together with its slaty partings, he estimates at 4 feet in
thickness.

According to Hayes’s section at the Ztna mines, given in the
Ringgold Folio, the coal seams at the Durham mines lie from 275
to 350 feet above the upper coal seam at the Atna mines. It is not
stated by him, whether this difference is due to the great thickness
of the underlying sandstones and shales in Lookout mountain, or
to the occurrence of the coal at the Durham mines in the higher
strata of the Upper Coal Measures. The only suggestion given by
him as to the correlation of the coal seams, which he gives in his
Durham mines section, is as follows :— “‘They very nearly corre-
spond in position with the coal, which is worked further north in
the Walden, at the Dayton and Rockwood mines.” As the main
coal seam at Dayton lies about 650 feet above the conglomerate, it
is taken for granted, that Hayes places the coals of his Durham
mines section at a higher horizon, geologically speaking, than the
upper coal seams at the Ztna mines.

In comparing my general section of the Upper Coal Measures of
Lookout mountain, made out along the Durham & Chickamauga
railroad, with Safford’s Ztna section, it would seem, that an effort
to correlate the different coal seams of the two sections would be a
hopeless undertaking. In the first place, it will be observed, that
these measures on Lookout have a thickness, more than twice as
great as those shown in the Ztna section; and, secondly, there is ‘
a marked dissimilarity existing between the lithological character
of the strata. Especially is this true of the lower part of the sec-
tion. It will be noticed, that that part of the Zitna section con-
taining the three coal seams, consists entirely of shales; whereas
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sandstones predominate in the Lookout section.
This difference in the lithological character of the
rocks may be readily explained by supposing, that
the Lookout division of the coal fields lay near the
shore-line during the time of their deposition ;
while, in the Ztna region, the rocks were laid
down some distance out at sea. If this hypothe-
sis is correct, and there are a number of facts
which go to prove that it is, the coal seams of
the Upper Coal Measures of Lookout mountain
may have their correlatives in Sand mountain ;
although they may be associated with entirely
dissimilar strata. It appears to be quite proba-
ble, that all the coal below, and possibly includ-
ing, the Tatum seam of the Lookout section,
corresponds to the three coal seams of the Aitna
section ; although there is little or no data at
hand to enable one to correlate the individual
seams. It has been suggested, that the Tatum
seam of the Lookout section corresponds to the
upper seam of the Ztna section, and that the
other seams have their representatives in the
Sewanee and other coals of Sand and the Cum-
berland mountains. ‘These suggestions, however,
are usually based upon fancied resemblances in
the physical structure of the coals, or some
peculiarity of the underlying fire-clays, varia-
tions that are likely to occur at different points
in the same coal seams. The only solution to
the question of correlating the coal seams of the
Upper Coal Measures of Lookout mountain with
the coal seams elsewhere, seems to lie in the
paleontological evidence furnished by the asso-
ciated shales. Many of these shales teem with
plant remains, which if properly studied, would,
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no doubt, furnish valuable aid in correlating the various coal
seams of Sand and Lookout mountains. Until such evidence is
obtained, no correlating, of any scientific value, is likely to be
worked out.

As elsewhere stated, that part of the Upper Coal Measures lying
above and including the Durham coal seam, appears to have no
representative in the Aitna district. These upper coal seams seem
to be a remnant of a once widely extended coal horizon stretching
far to the north, and also probably extending to the south and
west. Hayes, as previously noted, found representatives of these
coals at Dayton ; but they seem to reach a much greater develop-
ment in Cross mountain, Campbell county, Tenn., near the Ken-
tucky State-line, where, according to Safford, the Upper Coal
Measures attain a thickness of more than 2,000 feet. Mr. Marius
R. Campbell in his valuable paper on the Geology of Big Stone
Gap Coal-fields of Virginia and Kentucky, after discussing at some
length the literature upon the Southern Appalachian Coal-fields,
adds in concluding his correlating notes, the following statement : *
““Careful stratigraphic work is needed in the mnorthern half of
Tennessee, in the Briceville region, where the Upper Measures
may be found; they may give the key to the stratigraphy in the
Chattanooga region. Besides stratigraphic work, paleontologic
work is needed at many points, but especially to determine the age
and equivalence of the highest beds in the southern region; for, in
that territory, the Upper Measures exist only in isolated remnants,
and can not be correlated without the evidence of fossils.”’

1 U. 8. Geological Survey, Bull. No. 111, page 1o4.



CHAPTER VIII

CHEMICAL DISCUSSION OF THE COALS FROM LOOK-
OUT MOUNTAIN, WALKER COUNTY, GA.

By W. H. EMERSON, Pu.D,,
Professor of Chemistry, Georgia School of Technology

The following analyses of Georgia coals were made by the
Senior Class of the Georgia School of Technology, under the im-
mediate supervision of the writer. Care was taken to avoid error,
by having all work done in duplicate ; and, when duplicates failed
to agree, the analysis was repeated, until agreement was reached.
As a further check on accuracy, the analysis was repeated, when
the heating value, calculated therefrom, varied more than one per
cent. from the calorimeter value.

Little confidence was placed in the heating value of coals
obtained from the analysis, until Mahler, in 1892, found very
close agreement between the values obtained with the Mahler
calorimeter and those by calculation, using Dulong’s formula,
The comparison was made on about thirty coals, mostly French.
The formula used in calculation was:—

Q= by [81,400 C + 34,500 (H— 2N =) ],
in which C, H, O and N are the percentages of the elements sym-
bolized by the letters, and Q is the heat of combustion of the coal
in calorics.

The accuracy of the method of calculation was more firmly

(114)
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established, by the work of Lord and Haas on American Coals.
They published, in the Transactions of the American Institute of
Mining Engineers for 1897, analyses of about forty coals, mostly
‘from Ohio and Pennsylvania, and found even closer agreement,
‘than had Mahler, between the calorimeter and calculated values.
“They state that, in their opinion, the methods agree within the
limits of error of analysis, and place the limit of probable error in
their work at about one per cent.

Dulong’s formula, as used by Lord and Haas, was 8,080 C +

34,462 (H——%) + 2,250, in which C, H, O and S are the weights

of the symbolized elements, in unit weight of the coal, and the
sum is the heat of combustion of the coal expressed in calorics.

his formula was used in calculating the values given below ; and
it will be noted, that the values so obtained agree with the calo-
rimeter, within one per cent.

The calorimeter used was the Mahler, manufactured by I.. Golaz,
Paris. The water equivalent was determined by the combustion of
pure benzoic acid and naphthalene. The benzoic acid gave 481.2
as the average of 3 tests, using 6,322 as its heat of combustion.
The naphthalene gave 484.8 as the average of six tests, using
0,628 as its heat of combustion. 483 units was taken as the water
equivalent.

To measure temperatures, a Beckmann thermometer was used,
graduated to hundredths, and permitting fairly accurate estimates
to thousandths.

About one pound samples of the coal were obtained from Mr. S.
W. McCallie, Assistant State Geologist. From this, after pulver-
izing, samples of fifty to one hundred grams were taken, and finely
ground for the analysis and calorimeter tests. It was found, that
accurate sampling for the analysis was much facilitated by pass-
ing the coal through a hundred mesh sieve.

A Glaser combustion furnace, about thirty inches long, was



116 CHEMICAL DISCUSSION

used, provided with sheet iron gates underneath the trough,
whereby the portion of the tube occupied by the boat could be pro-
tected from too early heating. Lead chromate mixed with red
lead was used to absorb the sulphur. The absorbing train con-
sisted of glass stop-cock U-tubes, with concentrated sulphuric acid
for the water, and soda-lime for the carbon dioxide. The same
absorbents were used in the purifying train. The sulphur was
generally determined from the sulphuric acid in the calorimeter ;
though, in some cases, by the Eschka method. Nitrogen was
determined by the Kjeldahl method.

The furnace and connections were tested by burmncr pure sugar,
prepared by crystallizing rock-candy from alcohol, which gave
almost the theoretical value for carbon and hydrogen.

. t
Carbon ‘ Hydrogen Water Sulphur | Nitrogen Ash
T 2 3 4 5 6
I 85.75 4.63 .88 79 I.44 3.17
1T 86.97 4.44 1.06 .62 1.25 2.00
III 79.41 ‘ 4.60 .93 .88 1.39 g.05
v 85.07 4.48 | 77 .88 1.50 3.42
v 34.32 1 4.72 I.21 .78 1.66 4.20
Heating
Calculated Value per |Fixed Car-
Heating |Calorimeter| Difference | Difference | Gram of | bon, Ash
Value Per Cent. | Combus- |and Moist-
’ tion | urefree
7 3 . 9 10 II 12
I 8,366 8,415 —49 —.6 8,770 79.1
It 8,351 8,409 —358 —.7 8,675 78.4
111 7,821 7,763 +58 +.7 8,624 75.3
v 8,234 8,290 —356 — 7 8,653 780
v 8,292 8,211 +81 “+1.0 8.680 78.1

1 Lump coal, Durham Mine, Walker County.
II S.T. Carson’s property, Walker County. Vein 120 feet be-
low Durham.
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III S.T. Carson’s property, Walker County. Vein 180 feet be-
low Durham.
IV Washed coal, Durham mine.
V Unwashed coal, Lookout Coal and Coke Company, Walker
County.

In the table, columns 1 to 6 inclusive give the percentages of
the various constituents. The hydrogen includes that from the
water. Columns 7 and 8 give the calculated and calorimeter
values, respectively, for the heat of combustion in calorics. These
values may be converted into British thermal units by multiply-
ing by 9/5. Column g gives the difference between 7 and 8 in
calorics ; column 10, the percentage difference expressed on the
calorimeter value. Column 11 gives the heating value per gram
of combustible ; i. e., the heat 6f combustion of one gram of the
coal, ash and moisture free. Column 12 give the per cent of
‘“‘fixed carbon,” ash and moisture free. '

The last two columns show that all these coals belong to the
same class, the differences not being greater than those, that might
arise in coal from the same mine from difference of sample, com-
bined with experimental errors. They fall in the lower part of
the semi-bituminous class, whose heating value, according to Prof.
Wm. Kent, ranges from 8,666 to 8,888 calorics, and whose fixed
carbon ranges from 75 to 85 per cent.

This class of coals has the maximum heating value, being
superior to the anthracites, because of their higher content of
hydrogen, and superior to the other bituminous coals, because

of their lower content of oxygen.
~ These should be good steam coals and good coking coals.
Number I is very similar to the Pocahontas of Virginia in compo-
sition and heating value.
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